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ABOUT THISREPORT

This report summarizes and interprets ambient air monitoring data collected during the
summer of 1998 as part of the National Nonmethane Organic Compound and Speciated
Nonmethane Organic Compound Monitoring Program, which is aso called the NMOC/SNMOC
Monitoring Program. Designed to characterize levels of air pollution in regions with ground-level
ozone problems, the NMOC/SNMOC Monitoring Program measures air concentrations of severad
groups of pollutants that participate in the photochemical reactions that form “smog.” The 1998
NMOC/SNMOC Monitoring Program spanned 4 months (June to September), during which
ambient air samples were collected daily between 6:00 am. and 9:00 am., local time, at six
monitoring locations. These samples were analyzed for NMOC, SNMOC, volatile organic
compounds (VOC), carbonyls, or some combination of these categories. Overall, nearly 30,000
ambient air concentrations were measured during the 1998 program.

This report uses various graphical, numerical, and statistical analysesto identify and
illustrate meaningful trends and patterns in this large volume of ambient air monitoring data. Some
of the analyses in this report, such as the concise data summary tables, intentionally follow the
same data analysis framework used in earlier reports on past National Program elements. This
consistent use of certain analyses facilitates comparisons between the 1998 program and earlier
NMOC/SNMOC programs. To provide the reader with a new perspective on the NMOC/SNMOC
monitoring data, however, this report includes several analyses that have not been addressed
previously, such as adetailed review of annual variationsin air quality. Though the analysesin
this report highlight many trends in the data collected during the 1998 program, researchers are
encouraged to further examine the NMOC/SNMOC ambient air monitoring data to better
understand the complex ozone formation processes. Accordingly, the 1998 NMOC/SNMOC
monitoring data have been made publicly available in electronic format on the U.S. Environmental
Protection Agency’s Aerometric Information Retrieval System (AIRS).

The structure of this report differs significantly from that of earlier NMOC/SNMOC reports
in one important regard: instead of commenting primarily on the compound-specific trends
observed during the air monitoring program, as was done previoudly, this report instead focuses on
site-specific air quality trends. This revised structure alows for a much more thorough review of
datatrends that are unique to a given metropolitan area—a topic suspected to be of interest to the
agencies that sponsor the NMOC/SNMOC monitoring stations. Site-specific trends presented in
this report should not be assumed to apply to geographical areas not considered in the 1998
NMOC/SNMOC Monitoring Program.

Though readers are encouraged to read thisreport in its entirety, a quick overview of the
major site-specific findings can be found in the following sections: Section 5 addresses the
monitoring data collected in the Dallas—ort Worth metropolitan area; Section 6, the data collected
in Juarez, Mexico; Section 7, the data collected on Long Island, New Y ork; and Section 8, the data
collected in Newark, New Jersey.

Xi






1.0 Introduction

This report summarizes ambient air monitoring data collected in or near three
metropolitan areas as part of the National “ 1998 Nonmethane Organic Compounds (NMOC) and
Speciated Nonmethane Organic Compounds (SNMOC) Monitoring Program.” Every year since
1984, the U.S. Environmental Protection Agency (EPA) has sponsored the NMOC/SNMOC
Monitoring Program to provide state and local environmental agencies with important
information on the composition and magnitude of air pollution in or near areas that are not in
attainment with the Agency’ s national ambient air quality standard (NAAQS) for ozone. In
recent years, this program has entailed intensive field sampling—up to 4 months of daily
measurements—of four groups of compounds that affect ozone formation: total NMOC,
SNMOC, volatile organic compounds (VOC), and carbonyls. This report summarizes and
interprets the nearly 30,000 air quality measurements that were made during the 1998
NMOC/SNMOC Monitoring Program.

To supplement findings from previous NMOC/SNMOC Monitoring Programs and other
local air monitoring efforts, this report includes detailed numerical and statistical analyses of
the ambient air monitoring data collected during the 1998 program. So that new and historical
data can easily be compared, the descriptive summary statistics presented in this report have a
format identical to previous NMOC/SNMOC reports. To offer greater insight into the current
data, however, much of this report focuses on topics that previous NMOC/SNMOC reports have
not addressed in detail. Overall, there are four basic goals for this report:

C To provide thorough, site-specific summaries of the data collected during the 1998
NMOC/SNMOC Monitoring Program.

C To identify and characterize associations between levels of air pollution and variations
in selected meteorological conditions.

C To illustrate how ambient air concentrations of the most prevalent components of air
pollution changed from one year to the next.
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C To conduct additional data analyses, as appropriate, to explain noteworthy trends and
patterns in the large volume of air monitoring data.

Unlike previous NMOC/SNMOC reports, which focused on compound-specific air
quality trends, this report focuses on site-specific air quality trends. Thus, rather than
presenting separate analyses for NMOC, SNMOC, VOC, and carbonyls, as was donein prior
reports, this report instead presents separate analyses for monitoring data collected at
Dallas—+ort Worth, Juarez (Mexico), Long Island, and Newark. This site-specific approach
allows for much more detailed analyses of the local factors (e.g., unique meteorol ogical
conditions, motor vehicle sources, industrial sources) that affect air quality differently from one

metropolitan areato the next.

As previous NMOC/SNMOC reports have explained, the series of photochemical
reactions that contribute to ozone formation are extremely complex. Asaresult, the analysesin
this report, though extensive, do not offer a comprehensive description of air quality at the
monitoring stations that participated in the 1998 program. For a more informed understanding of
air pollution in ozone non-attainment areas, state and local environmental agencies are
encouraged to evaluate emission inventories, photochemical dispersion modeling results, and
additional monitoring data on ozone precursors (e.g., hitrogen oxides), in addition to evaluating
the data presented in this report. To facilitate further analysis of the 1998 NMOC/SNMOC
sampling results, appendices to this report present the entire set of ambient air monitoring data.
Moreover, these data have been made available in electronic format on the Air Quality
Subsystem (AQS) of the Aerometric Information Retrieval System (AIRS), an electronic
database that EPA maintains.

This report is organized into ten sections; Table 1-1 lists the contents of each section.
Sections 2 and 3 present necessary background information on the monitoring program and the
methodology used to interpret the monitoring data, and Section 4 provides an overview of the
total NMOC measurements collected during the 1998 program. Sections 5 through 8 then
present detailed analyses of the data collected at the six monitoring stations that comprised the
1998 NMOC/SNMOC Monitoring Program. Finally, Section 9 reviews the major findings of
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the report and offers severa recommendations for future programs. Section 10 lists the
references cited throughout the report. Aswith previous NMOC/SNMOC reports, al figures
and tablesin this report appear at the ends of their respective sections (figures first, followed by
tables).
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V-1

Tablel1-1

Organization of the 1998 NMOC/SNMOC Summary Report

Rep_ort Section Title Overview of Contents
Section
This section provides background information on how the 1998 NMOC/SNMOC
5 The 1998 NMOC/SNMOC Monitoring Program was implemented. Topics of discussion include sampling
Monitoring Program locations, compounds selected for sampling, sampling and analytical methods,
measurement accuracy and precision, and sampling schedules.
. This section outlines the data analysis methodology used in Sections 5 through 9 to
3 Data Analysis Methodol ogy anayze and interpret the large volume of NMOC/SNMOC monitoring data.
This section presents a general overview of the sampling results from the 1998
General Results from t_he .1998 program, by comparing average concentrations of total NMOC that were observed al
4 NMOC/SNMOC Monitoring hes o > h icinated in th h .
Program the six monitoring stations that participated in the program. The section compares
this general trend to relevant data from previous NMOC/SNMOC reports.
5 Monitoring Results for Dallas and
Fort Worth These sections provide site-specific summaries of sampling results collected during
— the 1998 NMOC/SNMOC Monitoring Program. Each section summarizes the data
6 Monitoring Results for Juarez collected during the 1998 program, compares trends in the monitoring data to trends
7 Monitoring Results for Long Island in local meteorological conditions, and examines how concentrations of certain
compounds have changed over the past couple of years.
8 Monitoring Results for Newark
. : This section summarizes the most significant findings of the 1998 NMOC/SNMOC
9 Conclusions and Recommendations o :
Monitoring Program and makes several recommendations for future programs.
10 References This section lists the references cited throughout this report.




20 The 1998 NMOC/SNMOC Monitoring Program

This section describes four fundamental features—the monitoring locations, compounds
selected for monitoring, sampling and analytical methods, and sampling schedules—of the 1998
NMOC/SNMOC Monitoring Program. These four features are important to consider when
interpreting the results of any ambient air monitoring program. In general, the 1998 program
included six monitoring stations, all of which have participated in previous NMOC/SNMOC
programs. Monitoring devices at these stations collected 3-hour integrated samples according to
site-specific schedules, from June 1998 to September 1998. During this time frame, more than
600 air samples were collected and nearly 30,000 ambient air concentrations were measured,
including concentrations of total NMOC, SNMOC, VOC, and carbonyls. The remainder of this
section describes in greater detail these relevant features of the 1998 NMOC/SNMOC

Monitoring Program.

21  Monitoring Locations

The NMOC/SNMOC Monitoring Program is an EPA-sponsored program, in which state
and local environmental agencies can voluntarily participate. EPA works with participating
agencies to select appropriate monitoring locations. Figure 2-1 shows the locations of the six
monitoring stations that participated in the 1998 NMOC/SNMOC Monitoring Program.
Table 2-1 presents additional information on these monitoring stations, including (1) each
station’s NMOC/SNMOC site code, which was used to track samples from the field to the
laboratory, (2) each station’s unique nine-digit AIRS site code, which was used to index
monitoring results in the AIRS database, and (3) each station’ s starting and ending sampling
dates for the 1998 program, which Section 2.4 describes further.

At each of the monitoring stations, air sampling equipment was installed in a small
enclosure (e.g., atrailer or ashed) with air sampling probes protruding through the roof; every
air monitor in this program sampled air at heights of approximately 5 to 20 feet above local
ground level. Sections 5 through 8 of this report include detailed maps and descriptions of the
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surroundings of the six monitoring stations. These descriptions identify local emissions sources

that might have affected each station’s monitoring results.

The locations of the monitoring stations shown in Figure 2-1 present two important
limitations on the data anal yses documented throughout this report:

C The monitoring stations that participated in the 1998 program are located in or near only
three metropolitan areas in the United States and Mexico: the Dallas—Fort Worth
metropolitan area, the El Paso—Juarez metropolitan area, and the New Y ork—Newark
metropolitan area. Asaresult, the monitoring data characterize air quality in avery
small subset of ozone nonattainment areas, and trends in the data presented in this report
should not be viewed as being representative of air quality trends in other ozone
nonattainment areas in the United States or Mexico.

C The monitoring stations shown in Figure 2-1 characterize air quality at only discrete
locations within the three metropolitan areas. Because the number of emissions sources,
such as freeways and industrial facilities, varies with location in any given metropolitan
area, ambient air concentrations of certain compounds also vary within metropolitan
areas, sometimes by many orders of magnitude and over very short distances. Therefore,
the air quality data presented in this report should be viewed as a depiction of air quality
in the immediate vicinity of the monitoring stations and not necessarily as a depiction of
air quality for an entire metropolitan area.

To ensure that the NMOC/SNMOC monitoring data are interpreted in proper context, the

implications of the aforementioned data limitations are revisited throughout this report.

2.2 Compounds Selected for Monitoring
The agencies that sponsor NMOC/SNMOC monitoring stations decide what compounds
are to be measured. Agencies that participated in the 1998 program selected their monitoring

options from the following four groups of compounds:

C Total NMOC. Inthisoption, air samples are analyzed to obtain asingle value (total
NMOC) that characterizes the overall levels of hydrocarbonsin theair. Some computer
models use total NMOC concentrations as a critical input for forecasting ozone



concentrations. Section 2.3.1 describes the NMOC sampling and analytical method in
greater detail.

C SNMOC. Stations implementing this option collect air samples that are analyzed for
ambient air concentrations of 80 hydrocarbons, as well as for the concentration of total
NMOC. SNMOC concentrations also are used as inputs to certain ozone forecasting
simulations. Table 2-3 lists the 80 compounds identified by this monitoring option, and
Section 2.3.2 describes the SNMOC sampling and analytical method in greater detail .

C VOC. With this monitoring option, ambient air samples are analyzed for concentrations
of 47 compounds, which include hydrocarbons, halogenated hydrocarbons, oxygenated
compounds, and nitriles.> Most of these 47 compounds are not measured by the SNMOC
analytical method. Table 2-5 lists the compounds identified by this monitoring option,
and Section 2.3.3 describes salient features of the VOC sampling and analytical method,
including a noteworthy improvement made to this method prior to the start of the 1998
program.

C Carbonyls. Stations also could opt to have samples analyzed for concentrations of
16 carbonyls, all of which are not currently identified by either the SNMOC or VOC
monitoring options.® Table 2-6 lists the 16 compounds identified by this option, and
Section 2.3.4 presents relevant background information on the carbonyl sampling and
analytical method.

Table 2-1 indicates the compound groups that were selected for monitoring at the six
stations participating in the 1998 NMOC/SNMOC Monitoring Program. Since nearly 90 percent
of the air samples collected during the 1998 program were analyzed for either NMOC or
SNMOC, the data analyses throughout this report focus on interpreting trends and patternsin the

! The SNMOC analytical method actually reports concentration values for only 78 different compounds
for each sample. Since the chromatographic analysis cannot differentiate isobutene from 1-butene or m-xylene
from p-xylene, asingle concentration is reported for these pairs. Therefore, the 78 values measured by this
method characterize ambient levels of 80 compounds.

2 The VOC and ytical method actually reports concentration values for only 46 different compounds for
each sample. Since the chromatographic analysis cannot differentiate m-xylene from p-xylene, asingle
concentration is reported for thispair. Therefore, the 46 values measured by this method characterize ambient
levels of 47 compounds.

3 The carbonyl analytical method actually reports concentration values for only 13 different compounds
for each sample. Since the chromatographic analysis cannot differentiate butyraldehyde from isobutyraldehyde, a
single concentration is reported for this pair; and, since the method cannot distinguish the three tolualdehyde
isomers, a single concentration is reported for thistrio. Therefore, the 13 values measured by this method
characterize ambient levels of 16 compounds.
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large volume of NMOC and SNMOC monitoring results. Consistent with previous
NMOC/SNMOC reports, this report places alesser emphasis on evaluating the VOC and

carbonyl monitoring results.

The compounds selected for monitoring present one important limitation on the
conclusions that can be drawn from the NMOC/SNMOC Monitoring Program: Though this
program measures ambient air concentrations of numerous compounds that contribute to ozone
formation, the program does not characterize ambient levels of all compounds that participate in
the photochemical reactions that form ozone. Thus, the data presented in this report provide an
extensive, but not a comprehensive, account of air quality in 0zone nonattainment areas.
Sponsoring agencies are encouraged to evaluate data trends for other compounds (e.g., hitrogen

oxides) that participate in photochemical reactions that form *“smog.”

23  Sampling and Analytical M ethods

The sampling and analytical methods used in a monitoring program ultimately determine
what compounds can be identified in air samples, and at what ranges of concentrations. As
noted previoudly, four different sampling and analytical methods were used during the 1998
NMOC/SNMOC Monitoring Program to measure ambient air concentrations of total NMOC,
SNMOC, VOC, and carbonyls. Sincethefina reports for the 1996 and 1997 NMOC/SNMOC
Monitoring Programs describe these sampling and analytical methods in detail (ERG 1997,
1999), the following subsections only briefly highlight how air samples were collected and
analyzed. For quick reference, Table 2-2 summarizes general attributes (detection limits, units

of measurement, etc.) of the four sampling and analytical methods.

The following subsections also estimate how precisely the sampling and analytical
methods measured ambient air concentrations during the 1998 program. Asistypical for air
monitoring programs, precision was determined by reviewing results of duplicate samples that
were analyzed in replicate. As previous NMOC/SNMOC reports have explained, comparison

of concentrations measured in replicate analyses characterizes analytical precision (how
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precisely the laboratory analyzes environmental samples), and comparison of concentrations
from duplicate samples characterizes sampling and analytical precision (how precisely field
sampling techniques and laboratory analytiéal techniques, combined, measure levels of
environmental contamination). This report uses the relative percent difference (RPD) and the
average concentration difference to quantify both types of precision. Previous
NMOC/SNMOC reports have defined these parameters and éxplained their significance, as

does the sidebar below, “Estimating Measurement Precision.”

Estimating Measurement Precision

This report uses two parameters to quantify how precisely ambient air concentrations were
measured during the 1998 NMOC/SNMOC Monitoring Program. First, as an absolute
indicator of precision, the average concentration difference simply quantifies how multiple
measurements obtained by the same procedures differ: Applied to this monitoring program,
average concentration differences were calculated for each compound group (1) for
concentrations measured from replicate analyses and (2) for concentrations measured from
duplicate samples. The calculated average concentration difference is an important
consideration when interpreting ambient air monitoring data for specific compounds. For
example, if a compound’s average concentration difference exceeds or nearly equals the
compound’s arithmetic mean ambient air concentration, then the arithmetic mean
concentration might be largely influenced by measurement uncertainty. Data interpretations
for such compounds should be made with caution.

As arelative indicator of precision, the relative percent difference (RPD) expresses average
concentration differences relative to the magnitude of the concentration observed. The RPD
15 calculated using the following equation: '

- X
RPD = L) x.100
X

Where X; is the ambient air concentration of a given compound measured in one sample; X,
1s the concentration of the same compound measured during replicate analysis or in a
duplicate sample; and X is the arithmetic mean of X, and X,.

By this equation, compounds with relatively low measurement variability will have lower
RPDs (and better precision), and compounds with relatively high measurement variability
will have higher RPDs (and poorer precision). Many sampling and analytical methods
suggest that monitoring programs should be able to achieve RPDs of 30 percent or better, if
the methods are applied correctly.
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2.3.1 Total NMOC

The 1998 program measured ambient air concentrations of total NMOC according to
EPA Compendium Method TO-12 (USEPA 1988)—the same sampling and analytical method
that was used in previous NMOC/SNMOC Monitoring Programs. Following this method,
3-hour integrated air samples were collected in passivated stainless steel canisters, the contents
of which were later analyzed using cryogenic traps and flame ionization detection (FID).
Concentrations of total NMOC are reported in units of parts per billion on é carbon basis
(ppbC) r(see sidebar below, “The Importance of Units of Measurement”) and thc detection limit
for this method is approximately 5 ppbC. All total NMOC concentrations measured during the
1998 program were considerably higher than this detection limit. |

The Importance of Units of Measurement

Units of measurement express results of scientific analyses in standard formats. The units
used in a particular study, however, depend largely on the conventions followed by other
researchers within a particular scientific field. In ambient air monitoring efforts, for
example, scientists often report air concentrations in different units of measurement, such as
parts per billion on a volume basis (ppbv) and parts per billion on a carbon basis (ppbC).
This report adopts the conventions EPA (USEPA 1988; 1989; 1997a; 1997b) and other air
monitoring researchers employ, expressing raw total NMOC and SNMOC monitoring data
in units of ppbC and expressing raw VOC and carbonyl monitoring data in units of ppbv.
For a given compound, concentrations can be converted between these units of measurement
according to the following equation::

Concentration (ppbC) = Concentration (ppbv) x Number of Carbons

As an example, benzene (CH,) has six carbon atoms. Therefore, by definition, a benzene
concentration of 6.0 pphC is equal to a benzene concentration of 1.0 ppbv. Because failure
to consider subtle differences in units of measurement can result in significant
misinterpretations of ambient air monitoring results, readers of this report should pay
particular attention to units of measurement, especially when comparing monitoring results
presented in this report to those of other studies. To avoid any confusion, every table and
figure in this report clearly indicates the corresponding units of measurement.
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During the 1998 program, results from 22 duplicate NMOC samples, all of which were
analyzed in replicate, indicated that the total NMOC sampling and analytical method consistently
generated highly precise results. More specifically, the program-average RPD for total NMOC
measurements was lower than 10 percent, both for analytical precision and for sampling and
analytical precision. In other words, total NMOC concentrations measured in duplicate samples
and replicate analyses consistently differed by 10 percent or less. Moreover, total NMOC
concentrations in duplicate samples and replicate analyses had an average concentration
difference lower than +25 ppbC. Since program-average NMOC concentrations were
approximately 10 times higher than this average concentration difference (see Figure 4-1), the
variability introduced by the sampling and analytical method has little bearing on the general
trends in the total NMOC monitoring data. Sections 7 and 8 revisit thisissue.

232 SNMOC

The 1998 NMOC/SNMOC Monitoring Program used an EPA research protocol called
“Determination of C, through C,, Ambient Air Hydrocarbonsin 39 U.S. Cities from 1984
through 1986” (USEPA 1989) to measure ambient air concentrations of SNMOC. This protocol
requires air samples to be collected in passivated stainless steel canisters, which are later
analyzed using a capillary gas chromatography (GC) column coupled with the FID. With this
analytical approach, SNMOC air samples are analyzed for ambient air concentrations of
80 organic compounds and total NMOC. Table 2-3 lists these 80 compounds and their
corresponding detection limits. The sidebar on the following page, “ Appreciating Detection
Limits,” providesimportant background information on the meaning and derivation of detection
limits. All SNMOC concentrations were reported in units of ppbC, following standard
convention for this analytical method. Asexplained later in this report, concentrations of some
compounds were also converted to units of parts per billion on avolume basis (ppbv) to

perform certain data analyses.

During the 1998 NMOC/SNMOC Monitoring Program, 39 SNMOC samples were
collected in duplicate and analyzed in replicate; results from these samples and analyses

indicate



Appreciating Detection Limits

The detection limit of an analytical method must be considered carefully when ambient air
monitoring data are interpreted. By definition, the detection limit is the lowest level at which
laboratory equipment can reliably quantify concentrations of selected compoundsto a
specific confidence level. If acompound’ s concentration in ambient air does not exceed the
method sensitivity (as gauged by the detection limit), the analytical method might not
differentiate the compound from other compounds in the sample or from the random “noise”
inherent in laboratory analyses. Therefore, when samples contain concentrations at levels
below their respective detection limits, multiple analyses of the same sample might lead to a
wide range of results, including highly variable concentrations or “nondetect” observations.
Because analytical methods do not quantify concentrations at levels below the detection limits
accurately or precisely, data analysts must exercise caution when interpreting monitoring data
that have many concentrations at levels near or below the corresponding detection limits.

For reference, the detection limits for the NMOC, SNMOC, VOC, and carbonyl analytical
methods were all determined according to EPA guidance specified in “ Definition and
Procedure for the Determination of the Method Detection Limit” (FR 1984).

that the SNMOC sampling and analytical method generated highly precise results. According to
performance criteria established in the SNMOC method documentation, analytical precision for
compounds with concentrations greater than 2 ppbC should have an RPD less than 30 percent,
and analytical compounds with concentrations lower than 2 ppbC should have an RPD less than
95 percent (USEPA 1989). As Table 2-4 shows, the precision estimates for the SNMOC
measurements during the 1998 program met these performance criteria The RPDs for 74 of the
80 SNMOC were lower than 30 percent; the six remaining compounds (n-dodecane, 1-
dodecene, 1-heptene, n-tridecane, 1-tridecene, and 1-undecene) had average concentrations

lower than 2 ppbC and had RPDs considerably lower than 95 percent.

Corroborating the findings of the RPDs, the average concentration differences observed
in duplicate SNMOC samples and replicate analyses were typically better than £1 ppbC—a
level indicative of excellent measurement precision. Therefore, the SNMOC monitoring data

presented in this report are of a known and high quality.



233 VvOC

Following EPA’s Compendium Method TO-14A (USEPA 1999a), ambient air
concentrations of 47 VOC were measured by collecting ambient air in passivated stainless steel
canisters and analyzing the sampled air using a capillary gas chromatography column with mass
selective detection and flame ionization detection (GC/MSD-FID). The analytical techniques
used during the 1998 program differed from those used in earlier programs in one important
regard: Nafion® dryers were removed from the analytical apparatus, thus allowing for the
measurement of nine compounds that previous air toxics programs could not detect. Table 2-5
lists the 47 VOC identified during the 1998 program and their corresponding detection limits.
Following standard convention for this method, all VOC concentrations were reported in units

of ppbv.

Because only one monitoring station (Newark) collected VOC samples during the 1998
program, too few duplicate sampling results and replicate analyses were available to assess
measurement precision of the VOC sampling and analytical method. Nonetheless, the VOC
results presented for the Newark monitoring station are believed to be highly precise, largely
because the central laboratory for the NMOC/SNMOC Monitoring Program has along record of
anayzing VOC samplesto a high level of precision (ERG 1997a; 1999).

2.3.4 Carbonyls

Following the specifications of EPA’s Compendium Method TO-11A (USEPA 1999b),
concentrations of 16 carbonyl compounds were measured by passing ambient air over silica gel
cartridges coated with 2,4-dinitrophenylhydrazine (DNPH), a compound known to react
reversibly with carbonyls (i.e., adehydes and ketones). For chemical analysis, the sampling
cartridges are eluted with acetonitrile, which liberates the hydrazones (the DNPH-carbonyl
derivatives) from the sampling matrix. The acetonitrile solution is then analyzed for chemical
constituents using high-performance liquid chromatography (HPLC) with ultraviolet detection.
The 16 carbonyl compounds identified by this method are listed in Table 2-6, with their

detection limits.



During the 1998 NMOC/SNMOC Monitoring Program, four carbonyl samples were
collected in duplicate and analyzed in replicate, thus providing alimited basis for estimating
measurement precision. Table 2-7 presents the RPDs cal culated both for sampling precision
and for sampling and analytical precision. Both sets of RPDs indicate that the carbonyl
sampling and analytical method precisely measured air concentrations of most compounds: All
compounds had analytical precision lower than 20 percent and sampling and analytical
precision of roughly 50 percent and lower. Measurement precision was particularly good for
acetaldehyde, acetone, and formaldehyde—the three carbonyls consistently present at the highest
concentrationsin air samples. In short, the carbonyl monitoring data presented in this report,
likethe NMOC, SNMOC, and VOC monitoring data, are believed to be of high quality.

24  Sampling Schedules

Each year, stations participating in the NMOC/SNMOC Monitoring Program collect
ambient air samples according to site-specific schedules. The agencies that sponsor these
monitoring stations ultimately decide how frequently each type of samplesisto be collected.
Tables 2-1 and 2-8 summarize the sampling schedules implemented at the six monitoring stations
that comprised the 1998 program. As Table 2-8 indicates, every station collected daily samples
that were analyzed for either NMOC or SNMOC, and five of the six stations periodically
collected samples that were analyzed for carbonyls or VOC. As part of the sampling schedule,
site operators collected duplicate samples on roughly 10 percent of the sampling days. These
duplicate samples were analyzed in replicate to characterize the precision of the sampling and
analytical methods.

Overall, the site-specific sampling schedules have two features in common, both of
which introduce important limitations to the data analyses; these limitations are emphasized
throughout this report:

C On each sampling day, ambient air is continuously sampled for 3 hours, starting at
6:00 am., local time. This sampling duration has been used in the previous
NMOC/SNMOC Monitoring Programs, because many ozone transport models require
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ambient air concentrations measured between 6:00 am. and 9:00 am. as an input.
However, this sampling duration should be kept in mind when interpreting the air
monitoring data: All concentrations presented in this report characterize local air
quality during only three morning hours. Since concentrations of many compounds are
known to vary considerably between the day and night, comparisons between the
NMOC/SNMOC monitoring data and other data sets with different sampling durations
(e.g., 24-hour average samples) should be made with caution.

Sampling during the NMOC/SNMOC Monitoring Program is typically limited to the
summer months (June through September), since ambient air concentrations of ozone
peak during thistime of year. Though the NMOC/SNMOC monitoring data thoroughly
characterize levels of air pollution during these summer months, the monitoring data are
not useful for evaluating seasonal changesin air quality. Moreover, because this
program does not consider levels of air pollution during the fall, winter, and spring, the
average concentrations of certain pollutants presented in this report might differ
considerably from their corresponding annual-average levels.
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Figure2-1
L ocations of the 1998 NM OC/SNM OC Monitoring Stations

Dallas, TX

(DLTX) >
\

Note:

The al phanumeric codes shown were used primarily to track samples from the monitoring stations to the analytical laboratory.
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Table2-1

Background Information for the 1998 NM OC/SNM OC Monitoring Stations

1998 Sampling Schedule M onitoring Options Selected
NMOC/ AIRS Site Code Location ] i
SNMOC Starting Ending NMOC | snmoc | voc | carbonyl
Site Code Date Date arbony
CAMS5 48-113-0045 Dallas, TX (1) June 23, 1998 September 30, 1998 T T
CAMSI13 48-439-1002 Fort Worth, TX June 22, 1998 September 30, 1998 T T
DLTX 48-113-0069 Dallas, TX (2) June 22, 1998 September 30, 1998 T T
JUMX 80-006-0001 Juarez, Mexico August 25, 1998 September 29, 1998 T T
LINY 36-059-0005 Long Island, NY June 4, 1998 September 30, 1998 T
NWNJ 34-013-0011 Newark, NJ June 12, 1998 September 29, 1998 T T T T

Note:  Dueto construction activities, sampling at Juarez, Mexico, could not start in June, as was originally planned.

As Section 2.3.2 describes, the SNMOC monitoring option measures NMOC as well as the 80 compounds listed in Table 2-3.
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Table 2-2

Summary of Sampling and Analytical Methods

Parameter NMOC SNMOC VOC Carbonyl
Sampling . . : . . : Silicagel cartridge
apparatus Stainless steel canisters Stainless steel canisters | Stainless steel canisters coated with DNPH
Cryogenic trap at the Capillary gas
. , inlet of acapillary gas | chromatography with High-performance liquid
Analr%gcc;ﬁl i((:)rr)\/i(z)gteiglr? éﬁgc??gnﬂ ame chromatography column | mass selective detection | chromatography with
ap with flame ionization and flame ionization ultraviolet detection
detection detection
Concentration of the total Concentrations of Concentrations of Concentrations of
Output of amount of nonmethane : : ) . )
. . . 80 different organic 47 different volatile 16 different carbonyl
analysis organic compounds in the b . . d
hydrocarbons organic compounds compounds
sample
Units of
measurement 2 ppbC ppbC ppbv ppbv
Detection limit 2 5 ppbC See Table 2-3 See Table 2-5 See Table 2-6

Refer to the sidebarsin Section 2.3 for information on the significance of units of measurement and detection limits.
The SNMOC analytical method actually reports only 78 different concentrations for each sample. The method cannot differentiate i sobutene from
1-butene or m-xylene from p-xylene. Therefore, a single concentration is reported for these pairs.
The VOC analytical method actually reports only 46 different concentrations for each sample. The method cannot differentiate m-xylene from p-xylene
and therefore reports a single concentration for this pair.
The carbonyl analytical method actually reports only 13 different concentrations for each sample. The method cannot differentiate butyral dehyde from
isobutyraldehyde and therefore reports a single concentration for this pair. The method also cannot distinguish the three tolual dehyde isomers and

therefore reports a single concentration for thistrio.




Table 2-3
SNM OC Detection Limits

Detection Limit Detection Limit
Compound (ppbC) Compound (ppbC)
Acetylene 0.33 3-Methyl-1-Butene 0.16
Benzene 0.23 Methylcyclohexane 0.51
1,3-Butadiene 0.16 Methylcyclopentane 0.23
n-Butane 0.16 2-Methylheptane 0.36
Ccis-2-Butene 0.16 3-Methylheptane 0.36
trans-2-Butene 0.16 2-Methylhexane 0.51
Cyclohexane 0.23 3-Methylhexane 0.51
Cyclopentane 0.16 2-Methylpentane 0.23
Cyclopentene 0.16 3-Methylpentane 0.23
n-Decane 0.28 2-Methyl-1-Pentene 0.23
1-Decene 0.28 4-Methyl-1-Pentene 0.23
m-Diethylbenzene 0.28 n-Nonane 0.28
p-Diethylbenzene 0.28 1-Nonene 0.28
2,2-Dimethylbutane 0.23 n-Octane 0.36
2,3-Dimethylbutane 0.23 1-Octene 0.36
2,3-Dimethylpentane 0.51 n-Pentane 0.16
2,4-Dimethylpentane 0.51 1-Pentene 0.16
n-Dodecane 0.28 Cis-2-Pentene 0.16
1-Dodecene 0.28 trans-2-Pentene 0.16
Ethane 0.33 "'-Pinene 0.28
2-Ethyl-1-Butene 0.23 $-Pinene 0.28
Ethylbenzene 0.28 Propane 0.33
Ethylene 0.33 n-Propylbenzene 0.28
m-Ethyltoluene 0.28 Propylene 0.33
o-Ethyltoluene 0.28 Propyne 0.33
p-Ethyltoluene 0.28 Styrene 0.28
n-Heptane 0.51 Toluene 0.51
1-Heptene 0.51 n-Tridecane 0.28
n-Hexane 0.23 1-Tridecene 0.28
1-Hexene 0.23 1,2,3-Trimethylbenzene 0.28
cis-2-Hexene 0.23 1,2,4-Trimethylbenzene 0.28
trans-2-Hexene 0.23 1,3,5-Trimethylbenzene 0.28
| sobutane 0.16 2,2,3-Trimethylpentane 0.36
| sobutene/1-Butene 0.16 2,2,4-Trimethylpentane 0.36
| sopentane 0.16 2,3,4-Trimethylpentane 0.36
Isoprene 0.16 n-Undecane 0.28
| sopropylbenzene 0.28 1-Undecene 0.28
2-Methyl-1-Butene 0.16 m,p-Xylene 0.28
2-Methyl-2-Butene 0.16 o-Xylene 0.28

Reference: FR, 1984.
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Table2-4
Precision Estimates for SNM OC M easur ements

Analytical Precision Sampling and Analytical Precision
Compound Number of RPD Number of RPD
Observations (%) Observations (%)
Acetylene 77 9% 39 5%
Benzene 77 9% 39 6%
1,3-Butadiene 77 13% 39 9%
n-Butane 77 7% 39 5%
cis-2-Butene 77 8% 39 6%
trans-2-Butene 77 11% 39 9%
Cyclohexane 77 8% 39 22%
Cyclopentane 77 9% 39 7%
Cyclopentene 77 15% 39 13%
n-Decane 77 12% 39 13%
1-Decene 0 NA 0 NA
m-Diethylbenzene 77 20% 39 13%
p-Diethylbenzene 77 23% 39 14%
2,2-Dimethylbutane 77 10% 39 7%
2,3-Dimethylbutane 77 9% 39 6%
2,3-Dimethylpentane 77 11% 39 8%
2,4-Dimethylpentane 77 10% 39 6%
n-Dodecane 72 21% 36 42%
1-Dodecene 59 60% 28 49%
Ethane 76 9% 38 4%
2-Ethyl-1-Butene 77 9% 39 7%
Ethylbenzene 0 NA 0 NA
Ethylene 77 14% 39 7%
m-Ethyltoluene 77 10% 39 7%
o-Ethyltoluene 77 14% 39 10%
p-Ethyltoluene 77 13% 39 7%
n-Heptane 77 9% 39 5%
1-Heptene 4 44% 2 64%
n-Hexane 77 8% 39 6%
1-Hexene 77 13% 39 13%

Note:  The number of observations for analytical precision indicates the number of replicates in which the
compound was detected in both analyses; the number of observations for sampling and analytical
precision indicates the number of duplicates in which the compound was detected in the four analyses of
the duplicate samples. By definition, both types of precision cannot be evaluated for compounds with
zero observations, hence compounds with no observations show an RPD of “NA.”
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Table 2-4 (Continued)
Precision Estimates for SNM OC M easur ements

Analytical Precision Sampling and Analytical Precision |
Compound Number of RPD Number of RPD |

Observations (%) Observations (%)
Cis-2-Hexene 71 17% 36 15%
trans-2-Hexene 75 18% 38 14%
| sobutane 77 6% 39 4%
| sobutene/1-Butene 77 7% 39 5%
| sopentane 75 6% 38 8%
| soprene 77 10% 39 8%
| sopropylbenzene 77 14% 39 8%
2-Methyl-1-Butene 77 11% 39 8%
2-Methyl-2-Butene 77 12% 39 11%
3-Methyl-1-Butene 71 24% 36 23%
Methylcyclohexane 77 10% 39 5%
Methylcyclopentane 77 10% 39 6%
2-Methylheptane 77 10% 39 6%
3-Methylheptane 77 12% 39 7%
2-Methylhexane 77 11% 39 8%
3-Methylhexane 77 8% 39 5%
2-Methylpentane 77 8% 39 6%
3-Methylpentane 77 8% 39 5%
2-Methyl-1-Pentene 77 14% 39 11%
4-Methyl-1-Pentene 53 22% 26 15%
n-Nonane 77 9% 39 7%
1-Nonene 75 26% 38 24%
n-Octane 7 9% 39 5%
1-Octene 73 26% 36 27%
n-Pentane 77 7% 39 4%
1-Pentene 77 12% 39 7%
Cis-2-Pentene 77 9% 39 6%
trans-2-Pentene 77 9% 39 6%
"'-Pinene 74 21% 37 23%
$-Pinene 77 19% 39 26%

Note:  The number of observations for analytical precision indicates the number of replicates in which the
compound was detected in both analyses; the number of observations for sampling and analytical
precision indicates the number of duplicates in which the compound was detected in the four analyses of
the duplicate samples. By definition, both types of precision cannot be evaluated for compounds with
zero observations, hence compounds with no observations show an RPD of “NA.”
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Table 2-4 (Continued)
Precision Estimates for SNM OC M easur ements

Analytical Precision Sampling and Analytical Precision |
Compound Number of RPD Number of RPD |

Observations (%) Observations (%)
Propane 77 7% 39 3%
n-Propylbenzene 77 12% 39 7%
Propylene 77 7% 39 4%
Propyne 70 27% 34 21%
Styrene 77 14% 39 21%
Toluene 77 8% 39 5%
n-Tridecane 75 40% 37 37%
1-Tridecene 16 48% 5 27%
1,2,3-Trimethylbenzene 77 19% 39 13%
1,2,4-Trimethylbenzene 77 10% 39 8%
1,3,5-Trimethylbenzene 77 13% 39 8%
2,2,3-Trimethylpentane 77 12% 39 8%
2,2,4-Trimethylpentane 77 9% 39 5%
2,3,4-Trimethylpentane 77 9% 39 5%
n-Undecane 77 12% 39 23%
1-Undecene 60 31% 27 37%
m,p-Xylene 77 9% 39 7%
0-Xylene 77 9% 39 7%

Note: The number of observations for analytical precision indicates the number of replicatesin which
the compound was detected in both analyses; the number of observations for sampling and
analytical precision indicates the number of duplicates in which the compound was detected in
the four analyses of the duplicate samples. By definition, both types of precision cannot be
evaluated for compounds with zero observations, hence compounds with no observations show
an RPD of “NA.”
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Table 2-5
VOC Detection Limits

Compound Detez:gp?gmv)lelt Compound Detez:gp?gmv)lelt
Acetonitrile 0.21 cis-1,3-Dichloropropene 0.03
Acetylene 0.07 trans-1,3-Dichloropropene 0.03
Acrylonitrile 0.06 Ethyl Acrylate 0.04
Benzene 0.06 Ethylbenzene 0.10
Bromochloromethane 0.04 Ethyl tert-Butyl Ether 0.05
Bromodichloromethane 0.05 Methylene Chloride 0.10
Bromoform 0.12 Methyl Ethyl Ketone 0.03
Bromomethane 0.04 Methyl Isobutyl Ketone 0.07
1,3-Butadiene 0.05 Methyl Methacrylate 0.06
Carbon Tetrachloride 0.09 Methyl tert-Butyl Ether 0.03
Chlorobenzene 0.04 n-Octane 0.09
Chloroethane 0.06 Propylene 0.03
Chloroform 0.04 Styrene 0.11
Chloromethane 0.06 tert-Amyl Methyl Ether 0.06
Chloroprene 0.03 1,1,2,2-Tetrachloroethane 0.05
Dibromochloromethane 0.04 Tetrachloroethylene 0.10
m-Dichlorobenzene 0.09 Toluene 0.10
o-Dichlorobenzene 0.09 1,1,1-Trichloroethane 0.06
p-Dichlorobenzene 0.10 1,1,2-Trichloroethane 0.03
1,1-Dichloroethane 0.03 Trichloroethylene 0.06
1,2-Dichloroethane 0.08 Vinyl Chloride 0.07
trans-1,2-Dichloroethylene 0.05 m,p-Xylene 0.08
1,2-Dichloropropane 0.09 o-Xylene 0.03

Reference: FR, 1984.
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Table 2-6
Carbonyl Detection Limits

Compound Detection Limit (ppbv)
Acetaldehyde 0.009
Acetone 0.002
Acrolein 0.008
Benzaldehyde 0.008
Butyr/Isobutyraldehyde 0.009
Crotonaldehyde 0.009
2,5-Dimethylbenzal dehyde 0.007
Formaldehyde 0.004
Hexanaldehyde 0.011
|sovaleraldehyde 0.009
Propionaldehyde 0.008
Tolualdehydes 0.023
Valeraldehyde 0.011

Note:  The carbonyl detection limit varies with the volume of ambient air drawn through the sampling
apparatus. The detection limitsin thistable are based on a sample volume of 1,000 liters of ambient
air.

Reference: FR, 1984.
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Table 2-7
Precision Estimatesfor Carbonyl M easurements

Analytical Precision Sampling and Analytical Precision

Compound Number of RPD Number of RPD
Observations (%) Observations (%)

Acetaldehyde 7 4% 3 21%
Acetone 7 15% 3 23%
Acrolein 7 18% 3 31%
Benzaldehyde 7 12% 3 10%
Butyr/Isobutyraldehyde 7 19% 3 51%
Crotonaldehyde 0 NA 0 NA
2,5-Dimethylbenzal dehyde 5 19% 2 42%
Formaldehyde 7 5% 3 24%
Hexanaldehyde 4 19% 2 40%
Isovaleraldehyde 5 16% 2 21%
Propional dehyde 7 19% 3 23%
Tolualdehydes 0 NA 0 NA
Valeraldehyde 2 12% 1 11%

Notes: The number of observations for analytical precision indicates the number of replicate analysesin which
the compound was detected; the number of observations for sampling and analytical precision indicates
the number of duplicate samplesin which the compound was detected. By definition, analytical
precision and sampling and analytical precision cannot be evaluated for compounds with zero
observations; these compounds have an RPD of “NA.”
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Table 2-8

Sampling Schedules Implemented During the 1998 NM OC/SNM OC Program

Monitoring Monitoring .
Option Location Sampling Schedules
NMOGC Long Iland, NY Both sites sampled NMOC every weekday of the monitoring
Newark, NJ program, except holidays.
BZ: :: gg $§ These sites sampled SNMOC every weekday of the
Fort Worth. TX monitoring program, except holidays. All sampleswere
' analyzed for both NMOC and the 80 target SNMOC.
Juarez, Mexico
SNMOC
This site sampled SNMOC on 10 days throughout the
Newark, NJ monitoring program. All samples were analyzed for both
NMOC and the 80 target SNMOC.
Bg :: % ¥§ These sites sampled carbonyls periodically over the course
carborvl | Fort Worth. TX of the program, according to site-specific schedules. The
y ' number of sampling events for each station ranged from 4 tg
Juarez, Mexico 11
Newark, NJ '
VOC Newark, NJ This site sampled VOC on 10 days throughout the

monitoring program.
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3.0 DataAnalysis Methodology

This section describes the methodology used in this report to summarize and interpret the
1998 NMOC/SNMOC ambient air monitoring data. This methodology includes various
graphical, numerical, and statistical techniques that help identify the most meaningful trends in the
large volume of NMOC/SNMOC monitoring data. So that readers can easily compare the 1998
monitoring results to monitoring results from previous years, some elements of the data analysis
methodology are identical to those used in earlier NMOC/SNMOC reports (e.g., data summary
parameters). To provide a different perspective on the monitoring data, however, some elements
of the methodology are included that have not been used previoudly (e.g., detailed analyses of
annual variations). In general, four categories of data analysis are used in this report:

. Data summary parameters use basic descriptive statistical parameters to provide a
succinct overview of the monitoring data (see Section 3.1)

. Comparison to selected meteorological parametersin order to identify and characterize
relationships between levels of air pollution and certain meteorological conditions (see
Section 3.2)

. Analyses of annual variations comment on long-term trendsin air quality (see
Section 3.3)

. Other analyses are used, as necessary, to interpret notable data trends that do not fall

under the previous three categories (see Section 3.4)

The remainder of this section describes these four types of data analyses. Sections 5
through 8 then use these analyses to interpret the site-specific air quality trends identified during
the 1998 NMOC/SNMOC Monitoring Program.

3.1 DataSummary Parameters

Since previous NMOC/SNMOC reports define the four parameters that have been used to
summarize monitoring data generated in this program, as well as the limitations of using these
parameters, the following discussion only briefly reviews how these parameters efficiently

characterize the results of extensive ambient air monitoring studies. More information on these
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parameters, and their limitations, can be found in earlier NMOC/SNMOC reports (ERG 1996;
1997b; 1999).

In general, the four data summary parameters—prevalence, concentration range, central
tendency, and variability—are used to provide a complete but succinct overview of the nearly
30,000 ambient air concentrations that were measured during the 1998 NMOC/SNMOC
Monitoring Program. Sections 5 through 8 present these summary parametersin a series of
tables, one for each category of compounds measured at each monitoring station. Brief
definitions and descriptions of the four data summary parameters follow:

. Prevalence of air monitoring data refers to the frequency with which compounds, or
groups of compounds, are detected; it istypically expressed as a percentage (e.g., a
compound detected in 15 of 20 samples has a prevalence of 75 percent). Compounds that
are never detected have a prevalence of 0 percent, and those that are always detected
have a prevalence of 100 percent. Because sampling and analytical methods cannot
reliably quantify concentrations of compounds at levels near their detection limits,
summary statistics for compounds with low prevalence values should be interpreted with
caution. It should be noted that compounds with a prevalence of zero might still be
present in ambient air, but at levels below the sensitivity of the corresponding sampling
and analytical methods.

. The concentration range of ambient air monitoring data refers to the span of measured
concentrations, from lowest to highest. Because the NMOC/SNMOC program only
measures 3-hour average concentrations during the summer months, the lowest and
highest concentrations presented in this report should not be viewed as the minimum and
maximum concentrations observed during an entire year. Since ambient levels of total
NMOC, SNMOC, VOC, and carbonyls might rise to higher levels during times of day or
times of year not considered in this program, the concentration range data presented in
this report might not be comparable to those from monitoring programs with different
sampling durations and schedul es.

. The central tendency of air monitoring data gives a sense of the long-term average
ambient air concentrations. This report uses medians, arithmetic means, and geometric
means to characterize the central tendencies of concentration distributions. Previous
NMOC/SNMOC reports have explained the differences between these measures of
central tendency. Readers should note that the central tendenciesin this report are based
only on ambient air concentrations sampled during the morning hours of the summer of
1998. Because ambient air concentrations of certain compounds might be consistently
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higher or lower during the colder winter months, the central tendencies presented in this
report might not be comparable to those calculated from annual air monitoring efforts.
As noted above, the central tendency data for compounds with low prevalence should be
interpreted with caution, due to the bias introduced by many nondetect observations.

. Variability in ambient air monitoring data indicates the extent to which concentrations of
certain compounds fluctuate with respect to the central tendency. This report
characterizes data variability using standard deviations and coefficients of variation. The
standard deviation is acommonly used statistical parameter that provides an absolute
indicator of variability, and the coefficient of variation (calculated by dividing the
standard deviation by the arithmetic mean) offers arelative indicator of variability. The
coefficient of variation is better suited for comparing variability across data distributions
for different sites and compounds.

All data summary parameters presented in this report were calculated from a database of
processed 1998 NMOC/SNMOC ambient air monitoring data. This database was generated by
manipulating the raw monitoring datain two steps. First, all nondetect observations were
assigned a concentration equal to one-half the corresponding detection limit; second, the results
of all duplicate sampling events and replicate laboratory analyses were averaged so that only one
concentration was considered for each compound for each sampling date. These data processing
steps are identical to those used to process the 1995, 1996, and 1997 NMOC/SNMOC

monitoring data.

3.2  Comparison to Selected Meteorological Parameters

The 1997 NMOC/SNMOC report examined how local meteorological conditions related
to ambient air concentrations of total NMOC. Though several potential datatrends were
identified, the trends were not confirmed by tests for statistical significance, nor were they
validated against other data sets. To build on the analyses presented in the 1997 report, this
report al so examines rel ationships between air quality and local meteorological conditions, with
an emphasis placed on determining whether trends are statistically significant and whether these

trends are consistent with those documented in the 1997 report.
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Though many meteorological parameters are suspected of influencing air quality, Sections
5 through 8 examine how a subset of these parameters—wind speed, wind direction, temperature,
relative humidity, and precipitation—seems to affect the total NMOC concentrations. Several
different technigues are used to characterize correlations between the meteorological parameters
and the air concentrations: Pearson correlation coefficients are calculated to characterize the
magnitude and direction of data correlations, graphs are presented to illustrate the influences of
meteorological parameters on the ambient air monitoring data, and results of two-sample t-tests
are documented to identify which trends are statistically significant.® Finally, the trends are
compared to those listed in the 1997 NMOC/SNMOC report. As with the previous report,
meteorological data for each monitoring station were obtained from the nearest meteorol ogical
station that submits daily summary reports to the National Climatic Data Center (NCDC). Data

from the following meteorological stations were considered in this report:
C Meteorological data from the Dallas—Fort Worth International Airport was considered to
be representative of conditions at the CAM S5, CAMS13, and DLTX monitoring stations.

C Meteorological datafrom the El Paso International Airport was considered to be
representative of conditions at the JUM X monitoring station.

C Meteorological data from the John F. Kennedy International Airport was considered to be
representative of conditions at the LINY monitoring station.

C Meteorological datafrom the Newark International Airport was considered to be
representative of conditions at the NWNJ monitoring station.

It isimportant to note that the sources for meteorological data considered in this report
areidentical to those considered in the 1997 NMOC/SNMOC report.

! Previous NMOC/SNMOC reports, and most basic texts on statistics, define Pearson correlation coefficients, and
how they characterize pairwise data correlations. Information on the two-sample t-test has not been presented in previous
NMOC/SNMOC reports, but iswell documented in many statistics texts (e.g., Harnett 1982).

3-4



Though extensive, the analyses of meteorological parametersin this report should not be
viewed as comprehensive. For example, sophisticated computer simulations, such as detailed
atmospheric dispersion modeling analyses, might provide greater insight into how local
meteorological conditions affect air quality. Conducting such simulations, however, is beyond
the scope of the current work. As another example, this report does not address all
meteorological parameters that are known to affect ozone formation and transport. Detailed
analyses of parameters such as mixing heights, solar radiation, and upper atmosphere wind
patterns are needed for a more complete understanding of the impact of meteorological
conditions on levels of air pollution. Asaresult, agencies that sponsor NMOC/SNMOC
monitoring stations are encouraged to conduct further research on the influence of local
meteorological conditions on both the ambient air monitoring data and ozone formation

jprocesses.

3.3 Analysesof Annual Variations

When assessing trends in air pollution over the long term, data analysts typically try to
answer one basic question: Arelevels of air pollution generally increasing or decreasing? To
help agencies answer this question, Sections 5 through 8 assess how annual average
concentrations of total NMOC and selected SNMOC have changed from one NMOC/SNMOC
Monitoring Program to the next. Annual variationsin ambient air concentrations of VOC and
carbonyls are not considered, due to the limited number of samples available for these compound

groups.

Analyses of annual variationsin SNMOC concentrations are based only on monitoring
data collected during the current procurement, which spanned the 1995 to 1998 programs.
Though some stations might have collected SNMOC samples as part of other programs prior to
1995, data from these earlier programs are not considered in this report because important
features of the current monitoring program (e.g., detection limits, laboratory analytical
equipment, field sampling equipment) might differ from similar features of the previous

monitoring programs. Since the Long Island and Newark stations have participated in the
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NMOC/SNMOC Monitoring Program for roughly 10 years, annual variationsin total NMOC

concentrations are presented for the entire history of these stations.

To characterize annual variationsin air quality, Sections 5 through 8 present figures that
illustrate how average concentrations of total NMOC and selected SNMOC have changed from
one summer to the next. The graphs depict 95-percent confidence intervals of the average
concentrations as an indicator of the uncertainty associated with each value. For greater insight
into the annual variations, statistical tests (two-sample t-tests) were performed to distinguish
statistically significant annual variations from anomalous ones. Combined, these analyses of
annual variations not only characterize the extent to which levels of air pollution have changed

from year to year, but they aso indicate whether these changes are statistically significant.

Though the annual variations presented in Sections 5 through 8 might suggest notable
trendsin air quality, these trends should be interpreted in proper context. For instance, many
different factors could cause statistically significant changesin air quality from one year to the
next: Environmental regulations might have caused decreased emissions from certain industrial
sources, traffic patterns and the composition of motor vehicle fuels might change in agiven year,
and certain meteorological conditions that affect photochemical reactivity and atmospheric
transport might fluctuate considerably. One factor considered in this report is the impact of
EPA’ s recent requirement that, starting in 1995, all motor vehiclesin certain parts of the country
(including the Dallas—ort Worth and New Y ork City metropolitan areas) use oxygenated fuels
or “reformulated fuels,” which have anotably different chemical composition from “conventional
fuels.” Though this report attempts to explain likely causes of annual variationsin air quality,
participating agencies are encouraged to research the apparent causes of such variationsin
greater detail.
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34

Other Analyses
To highlight other notable site-specific air quality trends, Sections 5 through 8 present

additional data analyses, as appropriate, that do not fall under the data analyses categories

discussed above. The following additional analyses are considered in this report:

Reactivity of air masses. The SNMOC monitoring data provide a wealth of information
on the composition of hydrocarbons found in ambient air. With studies showing that some
hydrocarbons are much more reactive in air than others (Carter 1994), the SNMOC data
can be used to characterize the relative ozone formation potential of air masses. Using
compound-specific “maximum incremental reactivities’ reported in the literature (see
Table 3-1), the analysesin Sections 5 and 6 present reactivity-weighted concentrations.
These analyses indicate an important finding that is not readily apparent from the
SNMOC monitoring data: The compounds with the highest concentrations (on a ppbC
basis) are often different from the compounds that are most reactivein air. The
reactivity-weighted concentrations, therefore, provide additional insight into the ozone
formation potential of the complex mixture of hydrocarbons in ambient air. (Note: This
analysis of air mass reactivity is also described and summarized in the 1996
NMOC/SNMOC report; Sections 7 and 8 do not present analyses of chemical reactivity
because the Long Island and Newark monitoring stations did not collect SNMOC samples
daily.)

Fate of airborne aromatic hydrocarbons. The presence of three ambient air monitoring
stations in the Dallas—ort Worth metropolitan area allowed for detailed analyses of how
the composition of an air mass varies within an air-shed. As Section 5 describes, the
breakdown of SNMOC concentrations at the CAM S13 station was found to be notably
different from that at the CAMS5 and DLTX stations. To explain this spatial variation,
Section 5 uses results of studies reported in the scientific literature, particularly those on
the fate of aromatic hydrocarbonsin ambient air, to postulate mechanisms that might
account for the unique air quality trend observed among the Dallas—ort Worth stations.

Concentrations of methyl tert-butyl ether. Ever since motor vehiclesin many parts of
the country started using reformulated fuels, which contain as much as 15 percent methyl
tert-butyl ether (MTBE), many environmental agencies have assessed the impact of this
fuel usage on the environment. One aspect of the many environmental impacts of use of
reformulated fuelsis the increased ambient air concentrations of MTBE in regions where
such fuel useisrequired. Analysesin Section 8 identify several subtle, yet meaningful,
trends in the air monitoring datafor MTBE at the Newark monitoring station—the only
monitoring station in the 1998 NMOC/SNMOC Monitoring Program that analyzed air
samples for this compound.
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Table3-1

Maximum Incremental Reactivities (MIRs) for SNMOC

MIR MIR
Compound Compound (mole Oy/mole
(mole Oy/mole compound)
compound)

Acetylene 0.14 I sobutane 0.37
Benzene 011 | sobutene/1-Butene 2.60
1,3-Butadiene NA | sopentane 0.41
n-Butane 0.31 Isoprene 2.58
cis-2-Butene 2.92 | sopropylbenzene 0.60
trans-2-Butene 2.92 2-Methyl-1-Butene NA
Cyclohexane 0.37 2-Methyl-2-Butene 1.87
Cyclopentane 0.70 3-Methyl-1-Butene NA
Cyclopentene 219 Methylcyclohexane 0.53
n-Decane 0.17 Methylcyclopentane 0.82
1-Decene NA 2-Methylheptane 0.29
m-Diethylbenzene NA 3-Methylheptane 0.29
p-Diethylbenzene NA 2-Methylhexane 0.32
2,2-Dimethylbutane 0.25 3-Methylhexane 0.42
2,3-Dimethylbutane 0.32 2-Methylpentane 0.45
2,3-Dimethylpentane 0.39 3-Methylpentane NA
2,4-Dimethyl pentane 0.45 2-Methyl-1-Pentene NA
n-Dodecane NA 4-Methyl-1-Pentene 1.29
1-Dodecene NA n-Nonane NA
Ethane 0.08 1-Nonene NA
2-Ethyl-1-Butene NA n-Octane 0.18
Ethylbenzene 0.75 1-Octene NA
Ethylene 2.16 n-Pentane 0.31
m-Ethyltoluene NA 1-Pentene 181
o-Ethyltoluene NA cis-2-Pentene 2.57
p-Ethyltoluene NA trans-2-Pentene 2.57
n-Heptane 0.24 "*-Pinene NA
1-Heptene NA $-Pinene NA
n-Hexane 0.29 Propane 0.15
1-Hexene NA n-Propylbenzene 0.58
cis-2-Hexene 1.96 Propylene 2.75
trans-2-Hexene 1.96 Propyne NA

Notes: MIRswere copied from Sonoma 1996.
Compounds with an MIR of “NA” do not have a maximum incremental reactivity listed in the reference.
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Table 3-1 (Continued)
Maximum Incremental Reactivities (MIRs) for SNMOC

MIR MIR
Compound Compound (mole Oy/mole
(mole Oy/mole compound)
compound)

Styrene NA 2,2,3-Trimethylpentane NA
Toluene 0.74 2,2,4-Trimethylpentane 0.28
n-Tridecane NA 2,3,4-Trimethylpentane 0.48
1-Tridecene NA n-Undecane 0.12
1,2,3-Trimethylbenzene 2.60 1-Undecene NA
1,2,4-Trimethylbenzene 2.45 m,p-Xylene 2.05
1,3.5-Trimethylbenzene 2.81 o-Xylene NA

Notes: MIRswere copied from Sonoma 1996.
Compounds with an MIR of “NA” do not have a maximum incremental reactivity listed in the reference.
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4.0 General Resultsof the 1998 NM OC/SNMOC Program

This section briefly summarizes how the total NMOC concentrations, on average, varied
from station to station between the 1995 and 1998 NMOC/SNMOC Monitoring Programs. This
brief overview of spatial variations gives a sense of the relative levels of air pollution at the six
monitoring stations—a topic not considered in the site-specific analyses presented in Sections 5
through 8. The spatial variations preview several key findings that are discussed in much greater
detail later in the report. Overall, the data presented in this section allow agencies that sponsor
monitoring stations to compare air quality within their jurisdictions to air quality in other parts of
the country. Asdiscussed below, however, it is very important that these comparisons be made
in proper context.

4.1 Total NMOC Concentrations During the 1998 Program

Figure 4-1 illustrates how total NMOC concentrations, on average, varied among the six
monitoring stations that participated in the 1998 program. The following notable spatial
variations are readily apparent from inspection of the figure:

C Relatively higher concentrations of NMOC at JUMX. During the 1998 program, the
average concentration of total NMOC at JUMX (2.06 ppmC) was more than four times
higher than the average concentration at the other monitoring stations—a concentration
difference that was found to be statistically significant. As Section 6 describes, the
average concentration at JUMX islargely influenced by the detection of several “outlier”
concentrations. Nonetheless, even when these outliers are excluded from the computation
of average concentrations, the average total NMOC levelsat JUMX are till higher than
those at the other five stations, though only marginally so. Though Figure 4-1 clearly
illustrates a statistically significant spatial variation, readers should remember that this
monitoring program measures levels of air pollution at only discrete |ocations within
large metropolitan areas. Asaresult, even though the total NMOC concentrations at the
JUMX monitoring station were considerably higher than those at the other monitoring
stations, it does not necessarily follow that the air throughout the El Paso—Juarez areaiis
more polluted than the air throughout the Dallas—Fort Worth and Newark—New Y ork City
metropolitan areas. Ambient air monitoring at many other locations in these metropolitan
areas and for many other pollutants must be conducted and reviewed to support such a
conclusion.



Moderate levels of total NMOC at CAMSL3 and NWNJ. On average, concentrations of
total NMOC at CAM S13 and NWNJ during the 1998 program were roughly twice as high
asthe levels observed at CAM S5, DLTX, and LINY. The difference in concentration
between CAM S13 and the three other stations (CAMS5, DLTX, and LINY) was found to
be statistically significant, but the difference in concentration between NWNJ and the
average concentrations at two of the other three stations was not. As Section 8 describes,
total NMOC concentrations at Newark were highly variable during the 1998 program.
Thisvariability likely explains why statistically significant differences were not

observed between the total NMOC concentration at Newark and those at the other
stations. As emphasized above, readers should interpret the findings for CAM S13 and
NWNJwith caution: The spatial variations shown in Figure 4-1 compare levels of air
pollution observed in only three metropolitan areas, and only for discrete locations
within these metropolitan areas.

Relatively low levels of total NMOC at CAMS5, DLTX, and LINY. Average levels of
total NMOC at the three remaining monitoring stations—CAMS5, DLTX, and
LINY—were comparable in magnitude and considerably lower than the average levels at
the three stations discussed previously. More specifically, the average concentrations of
total NMOC at CAMS5, DLTX, and LINY were no more than 15 percent different from
each other; none of these differences were found to be statistically significant.

The analysesin Sections 5 through 8 thoroughly examine notable site-specific data trends

that are not readily apparent from examining spatial variations. For additional perspective on the

gpatial variations, however, the following discussion compares the spatial variations observed
during the 1998 NMOC/SNMOC Monitoring Program to those observed in the three previous

programs.

Total NMOC Concentrations During the 1995-1997 Programs
Figure 4-2 indicates how the spatial variationsin total NMOC concentrations changed

from the 1995 to the 1997 NMOC/SNMOC Monitoring Programs. The figureisincluded to

comment on how spatial variations observed during the current program (see Figure 4-1)

compare to those observed previously. An overview of the past spatial variations follows:

Trends that have remained unchanged over the years. The graphsin Figure 4-2
highlight certain data trends that, to a certain extent, did not change over the previous
three NMOC/SNMOC Monitoring Programs. For instance, in the 1995, 1996, and 1997
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programs, total NMOC concentrations at JUMX and NWNJ were relatively high,
particularly when compared to levels observed at DLTX and LINY. Further, total
NMOC concentrationsat DLTX and LINY, on average, have been comparable during the
summers of 1995, 1996, and 1997. Both of these trends are consistent with those
observed during the 1998 program, which Section 4.1 described.

C Trends that have notably changed from one year to the next. Though the relative levels
of total NMOC at DLTX, JUMX, LINY, and NWNJ have been somewhat consistent over
the past 4 years, the relative levels observed at CAM S5 and CAM S13 have exhibited
unique trends. More specifically, the average ambient air concentration of total NMOC
at CAM S5 ranked among the highest during the 1996 program, but average levels at this
station have ranked among the lowest in the years since. On the other hand, the relative
amounts of total NMOC at CAM S13 have exhibited the opposite trend, changing from
ranking among the lowest to ranking among the highest. Section 5.1.3 examines why
average levels of total NMOC observed at the three monitoring stationsin the
Dallas—Fort Worth metropolitan area have exhibited notably different annual variations.

Overall, this historical perspective on spatial variations indicates that no universal trend
can explain how levels of total NMOC have changed at the six monitoring stations since the 1995
program. Thisobservation is not surprising, however, because local influences on air quality
(e.g., industrial emissions sources, motor vehicle traffic, fluctuating weather conditions)
ultimately determine how levels of air pollution change at a given location from one year to the
next. Sections 5 through 8 examine these local influences by presenting detailed site-specific

analyses of annual variations.
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Figure4-1

Average Concentrations of Total NMOC for the 1998 NM OC/SNM OC M onitoring Program
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As Section 6 describes, the average concentration of total NMOC at JUMX is biased high, largely due to two outlier concentrations.
Refer to Section 4.1 for interpretations of thisfigure, including several important caveats regarding the displayed data trends.




Figure4-2
Aver age Concentrations of Total NMOC Observed During
the 1995-1997 NM OC/SNM OC M onitoring Programs
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50 Monitoring Resultsfor Dallasand Fort Worth, Texas (CAM S5, CAM S13, DLTX)

This section summarizes and interprets the total NMOC, SNMOC, and carbonyl
monitoring data collected at two locationsin Dallas, Texas (CAMS5 and DLTX), and at one
location in Fort Worth, Texas (CAMS13), during the 1998 NMOC/SNMOC Monitoring Program.
The ambient air monitoring data from these three locations offer an extensive profile of the air
quality in the Dallas—ort Worth metropolitan area.

Figures 5-1, 5-2, and 5-3 show the locations of the CAM S5, CAMS13, and DLTX
monitoring stations, respectively. The different numbers and types of emissions sources near
these locations account, in part, for the different levels of air pollution measured at these stations.
The CAM S5 monitoring station is located at a school in a suburban area, approximately 8 miles
north of downtown Dallas. The Dallas North Tollway and Interstate 635 both pass within 1 mile
of the CAM S5 station. The DLTX monitoring station, on the other hand, is located much closer
to downtown Dallas, just 3 miles northwest of the city center. The station isin an area of mixed
industrial and commercial uses, and severa heavily traveled roadways, including Interstate 35-E
and State Highway 183, pass within 1 mile of the DLTX station. Located in the city of Fort
Worth, the CAM S13 station is roughly 25 miles west of the CAMS5 and DLTX stations. Land
use surrounding CAMS13 is primarily residential, though open fields, an airport, and several
busy surface streets are located in the station’ s immediate proximity. At all three stations,

emissions from a great variety of sources likely influence the local air quality.

During the 1998 NMOC/SNMOC Monitoring Program, SNMOC samples were collected
at CAMS5 on 74 days, and valid sampling results were obtained on 68 of those days; SNMOC
samples were collected at CAMS13 on 70 days, and valid results were obtained on 69 of them;
and SNMOC samples were collected at DLTX on 63 days, and valid results were obtained on 62
of them. Overall, the completeness of the SNMOC sampling, defined as the percentage of
attempted sampling events that were valid, was 92 percent at CAM S5, 99 percent at CAMS13,
and 98 percent at DLTX. Between the three monitoring stations, 30 carbonyl sampling events

were scheduled during the 1998 program, and 29 of these events generated valid results. Thus,



the completeness of the carbonyl sampling (at all three stations combined) was 97 percent. The
high completeness figures for al three monitoring stations suggest that samples were collected
and handled efficiently at the CAMS5, CAMS13, and DLTX stations throughout the program.

The remainder of this section puts the large volume of ambient air monitoring data
collected in the Dallas—ort Worth area into perspective. Section 5.1 summarizes the total
NMOC data collected at the three stations, compares these data to selected meteorol ogi cal
conditions, and discusses annual variationsin total NMOC levels. Section 5.2 then reviews the
SNMOC data, comments on the composition of SNMOC in ambient air, and assesses the
reactivity of the air masses at the three stations. Finally, Section 5.3 briefly discusses trends and
patterns among the limited carbonyl monitoring data collected during the 1998 program. For
quick reference, Section 5.4 provides an overview of the key air quality trends identified for the
Dallas—Fort Worth area during the 1998 NMOC/SNMOC M onitoring Program.

51 Total NMOC Monitoring Data

As Section 2.3.2 explained, the SNMOC sampling and analytical method measures both
total NMOC concentrations and concentrations of 80 individual hydrocarbons. The following
discussion focuses on the total NMOC measurements made by this method in the Dallas—Fort
Worth area. More specifically, the discussion provides a concise summary of the total NMOC
data (Section 5.1.1), characterizes associations between total NMOC levels and meteorol ogical
conditions (Section 5.1.2), and describes how total NMOC concentrations have changed in
Dallas and Fort Worth from year to year (Section 5.1.3).

When reading these sections, readers should note that total NMOC concentrations include
concentrations of awide range of organic compounds, including, but not limited to, alkanes,
olefins, aromatics, oxygenates, and halogenated hydrocarbons. Although total NMOC levels
characterize ambient air concentrations of various compounds that affect ozone formation
processes, total NMOC does not include many air pollutants common to urban environments,

such asinorganic acids and particul ate matter. In other words, the total NMOC concentrations



presented below provide a measure of many different air pollutants typically found in ambient

air, but do not provide a measure of every air pollutant found in ambient air.

5.1.1 DataSummary
Using the four data summary parameters defined in Section 3.1, Table 5-1 provides a
thorough overview of the total NMOC concentrations measured at CAM S5, CAMS13, and DLTX

during the 1998 program. An overview of the data summary follows:

. Prevalence. Total NMOC was detected in every sample collected at CAMS5, CAMS13,
and DLTX, and every total NMOC concentration was at |east an order of magnitude
greater than the estimated method detection limit of 0.005 ppmC (or 5 ppbC). Therefore,
the prevalence of total NMOC at these stations was 100 percent. The summary statistics
presented below are believed to be highly representative of total NMOC levelsin the
Dallas—Fort Worth area, since none of the statistics are biased by nondetect observations.

. Concentration range. According to Table 5-1, the concentration ranges of total NMOC
at CAMS13 and DLTX were much broader than that at CAMS5. In fact, the highest total
NMOC concentration measured at CAM S5 (0.645 ppmC) is roughly half the highest
levels measured at CAMS13 (1.165 ppmC) and DLTX (1.267 ppmC). The reason for
this spatial variation in concentration ranges is not known. However, examining the
quartiles of the concentration distributions offers a different perspective on the spatia
variations. More specifically, the 25", 50", and 75" percentile concentrations at
CAMSI13 are al considerably higher than those at both CAMS5 and DLTX. Thistrend
suggests that the entire concentration distribution at CAM S13 is centered on higher total
NMOC levels than the distributions at the other two stations.

To illustrate this trend, Figure 5-4 presents histograms of the total NMOC concentrations
measured at the three stations in the Dallas—Fort Worth area. The figure clearly shows
that the concentration distribution at CAMS13 isindeed centered on higher total NMOC
levels than the other two distributions. Further, the figure indicates that concentrations of
total NMOC at CAMS5 and DLTX predominantly fell into very narrow ranges of
concentrations, with relatively few outliers. The distribution at CAMS13, on the other
hand, was far more dispersed. The central tendency and variability summary parameters,
discussed below, reflect these differences in the concentration distributions.

When reviewing the concentration ranges, readers should remember that this monitoring
program measures ambient air concentrations only during the summertime morning hours.
Levels of total NMOC during other times of the day, and during other times of year, might
have risen to higher or lower levels than the summary statistics indicate.
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5.1.2

Central tendency. As Table 5-1 shows, the three different measures of central tendency
concentration of total NMOC at CAMS13 (i.e., the median, arithmetic mean, and
geometric mean) were all roughly twice as high as those for CAM S5 and DLTX; these
concentration differences were statistically significant. The marginal differencein total
NMOC levelsat CAMS5 and DLTX, however, was not statistically significant. The
analyses of annual variations (Section 5.1.3) and SNMOC monitoring data (Section 5.2)
put the concentration differences in the Dallas—Fort Worth areainto perspective.

At all three stations, concentrations of total NMOC during August and September were,

on average, higher than those in June and July. These monthly variationsin central
tendency levels were most pronounced at CAM S13, where the average concentrations of
total NMOC during August and September were nearly 70 percent greater than those
during June and July, but this concentration difference was not statistically significant.
Therefore, although concentrations of total NMOC during the morning hours changed from
one month to the next at selected locations in Dallas and Fort Worth, the trend is possibly
anomalous and should be confirmed by additional monitoring.

Variability. The standard deviations of the total NMOC concentrations measured in the
Dallas—+Fort Worth area reflect the shapes of the concentration distributions shown in
Figure 5-4: The variability was least for CAM S5 (the station with the narrowest spread
in its concentration distribution) and highest for CAM S13 (the station with the widest
spread in its concentration distribution). The greater variability at CAM S13 suggests that
the factors that contribute to total NMOC levels at this station change considerably from
day to day. Thelower variability at CAMS5 and DLTX, however, suggests that the
factors that affect total NMOC levels most do not vary greatly from one morning to the
next. A possible explanation for this trend is that morning rush-hour traffic, which likely
does not change dramatically from one weekday to the next, has a strong impact on air
quality at CAMS5 and DLTX, and that other factors—possibly long-range transport of
emissions or emissions from alocal source—have a strong impact on air quality at
CAMSI13. These hypotheses are revisited throughout this section.

Comparison to Selected Meteorological Conditions

To identify noteworthy air quality trends for the Dallas—Fort Worth metropolitan area, the

following discussion characterizes associations between total NMOC concentrations at CAM S5,
CAMS13, and DLTX and selected meteorological conditions. More specifically, the discussion

considers 3-hour average observations of humidity, precipitation, temperature, wind direction,
and wind speed, all of which were measured between 6:00 am. and 9:00 am. at the Dallas—Fort
Worth International Airport. Since the CAMS5, DLTX, and CAMS13 monitoring stations are all



located within approximately 20 miles of this airport, the meteorological data are believed to be
reasonably representative of conditions at the three monitoring stations. In the following
analysis, datatrends that are statistically significant are clearly distinguished from those that are

not.

To enable readers to compare data trends identified during the current program to those
from earlier programs, this section follows a framework almost identical to that presented in
Section 5.2.3.1 of the 1997 NMOC/SNMOC report.

A review of the comparisons of total NMOC levelsin Dallas and Fort Worth to local

meteorological conditions follows:

. Humidity. AsFigure 5-5illustrates, no trend is readily apparent between total NMOC
concentrations at CAM S5, CAMS13, and DLTX and concurrent observations of relative
humidity at the Dallas—Fort Worth International Airport. Moreover, most of the
concentration differences depicted in the figure are not statistically significant. Asfurther
support of the absence of data trends, the Pearson correlation coefficient between the
total NMOC concentrations and relative humidity was -0.09 at CAM S5, 0.03 at
CAMS13, and 0.00 at DLTX. These low correlation coefficients indicate that relative
humidity was essentially uncorrelated with the air quality measurementsin the
Dallas—Fort Worth area during the 1998 program.

It isinteresting to note that the data collected during the 1997 program suggested that total
NMOC levels at the three monitoring stationsin Dallas and Fort Worth tended to
decrease with increasing humidity (ERG 1999). The contradictory findings from the
1997 and 1998 programs suggests that humidity might only be weakly associated, if not
completely unassociated, with total NMOC levelsin the Dallas—ort Worth area. The
inconsistent trends also underscore an inherent difficulty with ng impacts of local
meteorological conditionson air quality: Since so many different factors influence levels
of air pollution, the effect of a single factor (e.g., humidity) might be masked in years
when other factors (e.g., temperature) have unusually high or low levels. Conducting
multivariate statistical analyses on the data set might help researchers understand how
different combinations of meteorological conditions affect ambient air quality. Such
analyses, however, are not included in the scope of this project.

. Precipitation. Measurable rain was recorded at the Dallas—ort Worth International
Airport during only two mornings when valid SNMOC samples were collected at the
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CAMS5, CAMS13, and DLTX monitoring stations. Asaresult of the limited sample
size, no statistically significant trends were observed between total NMOC concentration
on rainy days and total NMOC concentrations on days with no measurable precipitation.
Though the science of atmospheric dispersion generally predicts that levels of most kinds
of air pollution are lower on or after rainy days (USEPA 1995), this trend could not be
verified by the SNMOC monitoring data collected in the summer of 1998 in Dallas and
Fort Worth.

Temperature. One of the most pronounced features of the meteorological conditionsin
the Dallas—ort Worth metropolitan area during the 1998 NMOC/SNMOC Monitoring
Program was the record heat. Temperatures during approximately two-thirds of the
sampling events were greater than 84 degrees, and temperatures exceeded 100 degrees at
the Dallas—ort Worth International Airport on 29 consecutive days during the program.
According to the Dallas Morning News (September 9, 1998), the summer of 1998 was
the second warmest summer on record for the cities of Dallas and Fort Worth. Asa
result, the monitoring data for the 1998 program offer insight into the extent to which
elevated temperatures affect ambient air concentrations of total NMOC.

As one indication of how temperature relates to air quality, Figure 5-5 indicates how
total NMOC concentrations, on average, varied with temperature. Clearly, for the
categories of temperature ranges selected, the temperature during a sampling event
seemed to have little bearing on the magnitude of the total NMOC concentration.
Corroborating thisfinding is the fact that Pearson correlation coefficients between total
NMOC levelsat CAMS5, CAMS13, and DLTX and temperature were all less than 0.1.
In other words, the total NMOC levels and temperature were essentially uncorrelated,
which is the same conclusion that was reached for these sampling locations in both the
1996 and 1997 reports.

As Section 5.1.3 notes, ambient air concentrations of total NMOC during the record heat
of the 1998 program were not unusually higher or lower than those observed during
previous years—an observation that further supports the finding that temperature is
weakly associated with, if not completely unassociated with, ambient air concentrations
of total NMOC during the morning hours in Dallas and Fort Worth.

Wind Speed. AsFigure 5-5 illustrates, ambient air concentrations of total NMOC at
CAMS5, CAMS13, and DLTX on windy days tended to be lower than those on days with
calm or light winds. Moreover, the concentration differences for most wind speed
categories shown in the figure were statistically significant. The Pearson correlation
coefficients between wind speed and total NMOC concentration are generally consistent
with the data trends indicated in Figure 5-5: The correlation coefficients for CAM S5,
CAMS13, and DLTX were-0.52, -0.46, and -0.47, respectively. These negative
correlation coefficients indicate that total NMOC levels at the three monitoring stations
tended to be lower when wind speeds were higher, and vice versa. This same data trend



was observed at the three monitoring stations in Dallas and Fort Worth during the 1997
NMOC/SNMOC Monitoring Program and is generally consistent with air dispersion
modeling agorithms, which predict that higher wind speeds enhance dispersion of
pollutants in the atmosphere (USEPA 1995).

. Wind Direction. The scatter plotsin Figure 5-6 show how total NMOC concentrations at
CAMS5, CAMS13, and DLTX varied with wind direction. The plots do not include
results from the six valid samples that were collected when winds were either variable
or cam. Though Figure 5-6 clearly indicates that southerly winds occurred most
frequently during the morning hours at the Dallas—Fort Worth International Airport, the
scatter plots suggest that total NMOC concentrations during the 1998 program were not
considerably elevated when winds blew from any particular direction. More ssimply, the
magnitude of total NMOC concentrations at the three monitoring stations during the
morning hours appeared to be largely independent of the wind direction. The 1997 report
reached the same conclusion.

In review, ambient air concentrations of total NMOC that were measured during the
morning hours at three locations in Dallas and Fort Worth were very weakly correlated, if not
completely uncorrelated, with several meteorological parameters (humidity, temperature, wind
direction), but were negatively correlated with wind speed. This finding suggests that wind
speed has a much greater influence on levels of total NMOC during the morning hoursin the
Dallas—+ort Worth area than other meteorological parameters. However, the absence of
correlations for certain meteorological parameters suggests either that the parameters have no
influence on levels of air pollution in Dallas and Fort Worth or that the parameters’ influence on
levels of air pollution is masked by the influences of other parameters (such aswind speed). To
better understand the combined influences of different parameters, researchers are encouraged to
conduct multivariate statistical analyses on the NMOC/SNMOC monitoring data. Such analyses,

however, are not included in the scope of this report.

5.1.3 Annual Variations

The CAMS13 and DLTX monitoring stations have participated in the NMOC/SNMOC
Monitoring Program since 1995, and the CAM S5 station has participated in the program since
1996, thus providing several years of datafor evaluating annual variationsin total NMOC levels

in the Dallas—Fort Worth metropolitan area. However, since these stations did not participate in
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this program in years prior to when reformulated fuels were introduced to the Dallas—Fort Worth
area(i.e., prior to 1995), the monitoring data from 1995 to 1998 are not sufficient for ng

the air quality impacts of this environmental initiative.

To put long-term air quality trends for this areainto perspective, the following discussion
reviews how average levels of total NMOC and peak levels of total NMOC have changed at
CAMS5, CAMS13, and DLTX from year to year. It isimportant to remember that the annual
variations presented in this section only characterize changesin total NMOC concentrations
during the summertime morning hours. Annual variations based on concentrations measured
during other times of day and other times of year might differ considerably from the annual

variations discussed below.

An overview of the long-term trendsin total NMOC concentrationsin Dallas and Fort

Worth follows;

C Changes in average concentrations of total NMOC. Figure 5-7 shows how the average
concentrations of total NMOC have changed at CAM S5, CAMS13, and DLTX since the
summer of 1995. Several important observations can be made from the data presented in
thefigure. For example, the annual variations depicted in Figure 5-7 clearly differ among
the three monitoring stations in the Dallas—Fort Worth metropolitan area. Asaresult, one
cannot determine, based on the data collected in this monitoring program, whether total
NMOC levels throughout this urban area have generally increased, decreased, or
stayed the same. Further, though temperatures during the 1998 program were consistently
higher than those during earlier programs, average concentrations of total NMOC at all
three monitoring stations during the 1998 program were not unusually higher or lower
than those from prior programs. The absence of considerable changesin total NMOC
levels during the record heat of 1998 confirms a finding presented in the previous
section: Concentrations of total NMOC during the morning hours at CAM S5, CAM S13,
and DLTX appeared to be largely independent of temperature.

The data shown in Figure 5-7 allow for the interpretation of site-specific trends. For
instance, according to the figure, the average concentration of total NMOC at CAM S5
decreased by more than afactor of two from the summer of 1996 to the summer of 1997
(astatistically significant decrease) and then increased dlightly between the summers of
1997 and 1998. Average levels of total NMOC at DLTX aso decreased from 1996 to
1997, but only by 23 percent (a statistically significant decrease). The annual variations
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at CAMS13, on the other hand, increased by nearly afactor of two from 1996 to 1997 (a
statistically significant increase). The reasons for these conflicting trends are not readily
apparent, and researchers are encouraged to examine local emissions inventories, if they
are available, to understand why annual variationsin total NMOC levels vary across the
three monitoring stations.

C Changes in peak concentrations of total NMOC. As another indicator of annual
variationsin air quality, Figure 5-8 illustrates how the frequency of peak levels of total
NMOC (defined here as concentrations greater than 1.0 ppmC) changed at CAM S5,
CAMSI13, and DLTX since the 1995 NMOC/SNMOC Monitoring Program. Asthe figure
shows, concentrations of total NMOC at the two stationsin Dallas (CAM S5 and DLTX)
exceeded 1.0 ppmC in fewer than 2 percent of the samples collected in the 1995, 1996,
1997, and 1998 programs;, the opposite trend, however, was observed at CAMS13. Not
only were elevated concentrations at CAM S13 more frequent than those at the other
stations, but the frequency of elevated concentrations during the summers of 1997 and
1998 were more than twice as high as those during 1995 and 1996. In short, total NMOC
concentrations greater than 1.0 ppmC appear to be more common at CAM S13 than at
CAMS5 and DLTX, and the frequency of elevated concentrations at CAMS13 has
increased in recent years.

Overall, the analyses of annual variations do not indicate consistent trends for the entire
Dallas—Fort Worth area: 1n some parts of these cities (e.g., C